This paper develops a two-country model of endogenous growth and international trade. In autarky just one of the countries is capable of generating growth. The trade situation may be characterized by complete or incomplete specialization. In either case, international trade transmits sustained growth to the stagnated economy simply because the terms of trade become each time more favorable to this country. The existence of a non-reproducible factor in the country that grows in autarky is crucial to ensure growth transmission. Moreover, under incomplete specialization the world economy behaves as an integrated economy, and countries converge in per capita income.
Introduction
A strand of the literature on growth and international trade has considered that openness a¤ects growth by impacting the extent of knowledge from abroad (e.g., Grossman and Helpman, 1997) ). This view implies that less developed countries posses mechanisms that allow them to absorb at least a part of the technological progress generated in more advanced economies. However, one question that arises from this assumption is whether trade could sow the seeds of permanent growth in absence of any absorption mechanism in countries unable to do so on their own. Findlay (1980) answered yes to this question with a model in which the rich North is represented by the Solow's (1956) framework, and the poor South behaves as Lewis' (1954) economy. In his model the terms of trade behavior enables growth transmission. However, Findlay's framework is quite restrictive, since it assumes constant saving rates, exogenous growth and …xed wage rate in the South.
In this paper, we develop a two-country endogenous growth model with international trade of intermediate goods and without any external or scale e¤ect. Our model overcomes the restrictive assumptions in Findlay (1980) . Countries are identical in everything, except in initial endowment of physical capital, and labor productivity and technology in one of intermediate good sectors. In the autarky situation one of them (country 1) achieves sustained growth, while the growth rate of the second economy (country 2) is nil at long-run. More concretely, country 1 is represented by a Lucas (1988)-Rebelo (1991) type of model, while country 2 behaves as the classical Ramsey's. Since the paper is concerned with long-run growth, the analysis limits to the balanced growth path.
At a given point in time, international trade is mutually bene…cial for countries. The trade situation at long-run may be characterized by complete specialization, or by incomplete specialization of country 1. In either case, the terms of trade become each time more favorable to country 2, which results in the transmission of sustained growth. The crucial assumption in our theoretical framework to ensure the propagation of growth from country 1 to country 2 is the existence of a non-reproducible factor in the …rst economy. This implies that country 1 relative prices in autarky strictly decrease over time, which permits a strictly decreasing (increasing) time path for its (country 2's) terms of trade.
Moreover, under incomplete specialization of country 1 the world economy behaves as an integrated economy, and countries converge in per capita income. This …nding seems to suggest that the traditional close-economy approach for the study of convergence (e.g., Barro and Sala, 1992; Mankiw et.al., 1992 ; Ortigueira and Santos, 1997) should be reconsidered. In our framework, the equalization of all relative prices among countries due to international trade emerges as the mechanism that leads to convergence. Therefore, our main …nding is that sustained growth can be transmitted from country 1 to country 2 simply by trading goods, without spillovers or other type of mechanisms of knowledge absorption. Movements in the terms of trade appear as the way of importing growth from abroad. This important role of terms of trade changes for growth has been identi…ed by the empirical literature. According to several studies, the terms of trade movements have to be taken into account when measuring TFP and economic growth of countries because, otherwise, the results might lead to inaccurate conclusions. 1 As Diewert and Morrison (1986) demostrated through a model based on index numbers, an increase in the price of exports relative to imports has an e¤ect that is similar to an increase in total factor productivity (TFP). More recently, Kohli (2004) has shown that measures of real GDP understate real gross domestic income when the terms of trade improve. 2 This is because an improvement in the terms of trade is treated in national accounts as a price phenomenon, instead of a real phenomenon that is similar to a technological progress. The empirical analysis by Kohli reveals that real GDP growth harshly over-and underestimates growth in real gross domestic income of countries whose terms of trade have signi…cantly worsened and improved, respectively, over the sample period 1980-1996. Here, we analyze the situation in which openness is the only source of permanent productivity gains for a country. Looking at growth performances of the Asian "miracle economies", this extreme circumstance seems more than just a possibility. The South East Asian countries constitute an interesting case of study, because their extraordinary economic growth was not associated to the growth of TFP, but to factor accumulation (e.g. Kohli, 1997; Young, 1995) and openness (Frankel et. al., 1996) . Regarding the terms of trade contribution to growth in Asian countries, Kohli (1997) found that it was positive, though rather small on average (lower than 0.4%). 3 Nevertheless, one should take into account two aspects when interpret-1 This aspect is especially relevant when carrying out international comparisons. See Kohli (2004) for a more detailed discussion. 2 As reported by the Statistics Division of the United Nations, "real gross domestic income measures the purchasing power of the total incomes generated by domestic production (including the impact on those incomes of changes in the terms of trade); it is equal to gross domestic product at constant prices plus the trading gain (or less the trading loss) resulting from changes in the terms of trade." 3 The author points out that though the terms of trade e¤ects were quite small on average, they were quite large for particular observations. For instance, for the case of South Korea, the cumulated e¤ect during the sample period 1980-1992 amounted to 4.8% of GDP. ing Kohli's (1997) results. First, his analysis does not take into account that the improvement in the terms of trade enables a higher physical capital accumulation, which might understate the terms of trade contribution to growth. Second, an improvement in the quality of imported relative to exported goods amounts to an improvement in the terms of trade. Therefore, one should make sure that quality changes are properly treated when measuring trade gains of countries. Unfortunately, this task is far from easy. Goods features are continuously changing because of technological progress. In fact, the faster the technical progress, the more di¢cult to capture quality changes of goods when constructing price indexes. 4 The rest of the paper is organized as follows. Section 2 introduces the model. Section 3 solves for the autarky equilibrium. Section 4 characterizes the trade situation and shows that sustained growth is exported from country 1 to country 2, and the terms of trade constitute the mechanism of transmission. Section 5 concludes. Lastly, appendices A and B contain details on calculations.
The model
In this section we …rst describe the basic structure of the model, and then we characterize agents' decisions.
Description of the environment
The framework builds on Ventura's (1997) . Time is continuous and endless and the world economy consists of two large countries, i = 1; 2. There is one non-traded …nal good (…nal good sector) that can be used for consumption and investment, Y i (t); two potentially traded intermediate goods, X i zj (t), z = 1; 2 (sectors 1 and 2), produced in country i (superindex) and used in the …nal good production of country j (second subindex); and two factors of production, capital, K i (t), and labor, L i (t), allocated to both intermediate goods production. We assume that all markets are perfectly competitive, and that imported intermediate goods are perfect substitute for domestic ones. In addition, capital and labor ‡ows among countries are not allowed.
Each country is inhabited by a continuum of identical households or families that is normalized to one. The families are composed of a continuum of individuals of measure one who make decisions jointly. There is no population growth. Each family member is endowed with one unit of time at each period. However, a part of family's members in country 1 own an initial endowment of human capital, while individuals in country 2 do not possess human capital. Individuals endowed with human capital may allocate their time to work or to increase their human capital by investing a part of their e¢cient time. In country 2 the time is entirely devoted to work.
Countries possess the same …nal good technology that is represented by a Cobb-Douglas production function with constant returns to scale:
Both intermediates in country 2, and good 2 in country 1 are produced with the same Cobb-Douglas type of technology, that combines unskilled labor (without human capital) and physical capital.
where
denote physical capital and labor allocated to sector z in country i, and l i (t) denote the number of workers allocated to sector 1 in country i. However, the production of good 1 in country 1 necessarily requires skilled workers (with human capital), though unskilled may also participate in the production process. Thus, the labor input in this sector de…nes as a composite of e¢cient time and number of workers:
where H (t) denote aggregate human capital devoted to work (aggregate e¢-cient time of workers). Notice that this sector is relatively more intensive in labor than sector 2, since a part of physical capital share has been transferred to human capital. Countries do not di¤er in preferences. The representative family derives utility from the consumption of an aggregate good, C i (t), and maximize its intertemporal utility discounted at a positive rate ½: 
At each time period a family receives capital income and labor income, and faces the budget constraint:
where r i z (t) represents interest rate, w i z (t) is the wage, and L i z (t) is de…ned as in (2) and (3). Total human capital that families in country 1 devote to sector 1 is de…ned as the sum over individuals' e¢cient time, that is, individual's human capital at t, h (»; t), multiplied by working time at t, u (»; t):
Only a portion of the l 1 (t) individuals who work in sector 1 has human capital and, hence, invest a fraction of their e¢cient time to accumulate human capital, u (»; t) < 1. The rest of workers devote their entire unit of time to work, u (»; t) = 1. Plugging (6) into the de…nition of L 1 1 (t) in (3), it follows that the contribution of the unskilled to the production process of good 1 limits to increase the number of workers, since their e¢cient time is nil.
This formulation also implies that the family does not care about how human capital is distributed among its members, but about the aggregate amount of human capital. Therefore, the measure of individuals with human capital becomes in some sense irrelevant. In fact, there will be unskilled workers in sector 1 whenever they receive the same retribution as in sector 2. If this is the case, human capital of the marginal individual (who has the lowest level of human capital) will be nil (h (l 1 (t) ; t) = 0). By simplicity, we assume that workers produce human capital at home using the same Lucas's (1988) type of technology:
Agents' decisions
To o¤er a clearer exposition, we …rst present a description of agents' decisions that corresponds to an autarky situation. Later on, we will indicate the modi…cations that agents' decisions su¤er when the economies are in the trade situation.
Final good sector
The maximization of pro…ts in the …nal good sector implies that intermediate good prices equal marginal productivities:
where p i z (t) ; z = 1; 2, denote intermediate good z price in country i. The …nal good price is taken as numerary.
Intermediate good sectors
Similarly, interest rate and wage in intermediate good sector 1 and 2 equal physical capital and labor marginal productivities:
where we assume that physical capital depreciates at the same rate ± K > 0 in both economies.
Families
The family's problem in country 1 can be formulated as the maximization of total discounted utility, (4), subject to the budget constraint, (5) and (6), human capital technology, (7), members' initial human capital, h (»; 0) > 0; » 2 (0; ") ; " < 1, and the initial stock of physical capital, K i (0) > 0. As it is usual, we assume that families have perfect foresight and, hence, they can advance time sequences of all prices in the economy, and take them as given when solving their problem. The …rst order conditions for the case of interior solution are the constraints of the problem and:
where¸1 (t) and´(»; t) are discounted shadow prices for physical capital (wealth) and individual human capital, respectively. These …rst order conditions, together with initial endowments of physical and human capital and the usual transversality conditions fully characterize the dynamics of country 1.
The interpretation of the …rst order conditions is standard. However, the workers' allocation condition, equation (12), deserves some comments. This condition says that the contribution to family's earnings of the last member allocated to sector 1 and 2 must equalize. Note that the wage of an individual who works in sector 1 has two parts: the retribution that corresponds to his e¢cient time, plus that for increasing the number of workers. Hence, the …rst part vanishes if the marginal individual has zero human capital. In what follows, we will work under the assumption h (l 1 (t) ; t) = 0. The household's problem of country 2 immediately follows from country 1's, since the only di¤erence is the absence of human capital. Therefore, the …rst order conditions of country 2 reduce to the budget constraint and:
where¸2 (t) is the discounted shadow price of physical capital.
Autarky
This section characterizes the autarky equilibrium. The competitive equilibrium is as a set of allocations and prices that satisfy …rms and households problems, and that clear all markets in both economies. Since the results can be obtained by applying straightforward techniques, we opt to restrict all details on calculations to appendix A. The assumptions made in the previous section imply that the number of workers in country 1 becomes a non-reproducible factor. As shown by Rebelo (1991) , the requirement for sustained growth in presence of non-reproducible factors is the existence of at least one capital good that is produced with a constant returns to scale technology in reproducible factors. Since this is the case for human capital technology, country 1 enjoys perpetual growth. Country 2, however, is represented by Ramsey model and does not grow at long-run.
In both economies, physical capital and workers are allocated so that interest rate and wage (of unskilled in country 1 ) equalize among sectors. This equalization yields:
The long-run equilibrium of country 1 is characterized by a balanced growth path (BGP), or situation in which physical and human capital, and consumption grow at a constant rate and the time assignment remains unaltered. Moreover, the time assignment is identical for each family's member, u(») = u 8», since the family only cares about aggregate human capital. From now on, the omission of time will denote stationary values over the BGP.
Given the existence of a non-reproducible factor in country 1, sustained growth is only possible when the engine of growth (human capital) grows at a faster rate than the other per capita variables. Imposing that interest rate must be constant over the BGP, we check that physical capital, consumption and gross income (…nal good production) grow at a lower rate µ than human capital, µ H = µ h . Thus, long-run growth rates of country 1 equal:
The time allocation between work and human capital production comes from the law of motion of human capital:
Lastly, we solve for autaky prices, which will permit us to determine the specialization pattern of countries at long-run. Relative prices come from pro…ts-maximizing behavior of …rms in …nal and intermediate goods sectors:
Note that relative prices in country 1 strictly decrease over time because of the existence of a non-reproducible factor.
Trade
In this section we show that sustained growth is transmitted from country 1 to country 2 simply by trading in intermediate goods, and that the terms of trade constitute the mechanism of transmission. As it will be clear later, the existence of a non-reproducible factor in country 1 results crucial to ensure the propagation of growth. From expression (23), it follows that country 1 and 2 eventually have comparative advantage in the production of intermediate good 1 and 2, respectively. Next, we show that the trade situation at long-run may be characterized by either complete specialization or incomplete specialization of country 1. All technical details are con…ned to appendix B.
Complete specialization
Under complete specialization, conditions (12), (13), (17) and (18) in family's problem disappear, since the resources of country 1 and 2 are entirely devoted to produce good 1 and 2, respectively.
The equilibrium in the trade balance,
, and the maximization of pro…ts by …rms in the …nal good sector allow to obtain exported-imported amounts of intermediates by countries:
Expression (24) implies that the international relative prices can be written as
, and gross world income (world production of …nal good),
, is split between country 1 and 2 in the proportions ® and 1 ¡ ®, respectively:
Interest rate in both economies must be constant at long-run, which requires that physical capital, consumption and gross income in the two economies grow at the same constant rate µ, and human capital grows at the rate µ H = µ h = 1¡'¡(1¡®)Ã ®Ã µ. Therefore, the long-run equilibrium of the world economy is characterized by a BGP. Expressions for µ and u are identical to those in (21) and (22), respectively.
The fact that consumption grows at the same rate in both economies leads to interest rate equalization, and thus
This latter result permits to obtain the expression for the terms of trade over the BGP:
where the omission of superindex i denotes international prices. The increases of labor productivity in country 1 makes intermediate good 1 relatively more abundant than intermediate good 2, which makes the terms of trade each time more favorable to country 2. Of course, trade under complete specialization will hold over time only if the international relative prices in (26) are greater or equal to country 1's autarky prices. Notice that this might occur, since country 1's autarky prices also present a downward sloping time path. This is why the existence of a non-reproducible factor in country 1 results crucial for the propagation of growth.
The decrease in the terms of trade is the mechanism through which country 2 imports sustained growth from country 1. In e¤ect, considering interest rate of country 2 over the BGP and di¤erentiating respect to time, it follows that:
Thus, the introduction of international trade propagates permanent growth to country 2 in spite of not being capable of growing permanently on its own. It is obvious from expressions (26) and (27) that growth is generated by an improvement in the terms of trade of country 2. Good 2 is increasingly expensive in international markets, which implies that the value of marginal product of capital does not fall in country 2, in spite of diminishing marginal product of capital. This behavior of international prices is positive for country 2 by three reasons. First, it allows country 2 achieving sustained growth. Second, country 2 can import more for what it exports, that is get more by less. Third, the improvement in the terms of trade increases country 2's real income and hence welfare.
Incomplete specialization
If conditions regarding complete specialization do not hold, the existence of trade requires incomplete specialization of country 1 and, hence, that the terms of trade coincide with relative prices of country 1 in autarky. Under this situation, country 1 produces both intermediates and exports good 1, while country 2 completely specialize in good 2. Therefore, the family's problem in country 1 is essentially the same as in autarky, while conditions (17) and (18) of country 2 vanish. We start deriving some results that will be useful to analyze and interpret the long-run equilibrium of the world economy.
As in the previous case, the equilibrium in the trade balance and the maximization of pro…ts by …rms in the …nal good sector allow to obtain exported-imported amounts of intermediates by countries:
From (28) we obtain that international prices depend on relative intermediate goods productions,
, and that countries's share in gross world income equal ¼ 1 (t) = º 1 (t) and ¼ 2 (t) = 1 ¡ º 1 (t). In addition, factor allocation in country 1 can be expressed in terms of º 1 (t) as:
Moreover, considering good 2 technologies of countries, factor allocation in country 1, and the expression of º 1 (t) in (28), it follows that:
This result tells us that export decision and the factor allocation in country 1 depend on relative amounts of physical capital of countries.
To characterize the long-run equilibrium, we start by imposing constant interest rate in both countries. This requires that physical capital, consumption and gross income in the two economies grow at the same constant rate µ, and human capital grows at the rate µ H = µ h = 1¡'¡(1¡®)Ã ®Ã µ. Therefore, the long-run equilibrium of the world economy is again a BGP. Expressions for µ and u are also identical to those in expressions (21) and (22), respectively. Under incomplete specialization, the BGP replicates the essential equilibrium of a fully integrated world economy, which leads to relative price equalization. Long-run values of
and, hence, of º 1 (t), 1 (t) and l 1 (t) come from wage and interest rate equalization among countries:
Looking at (31), we check that trade at long-run will be characterized by complete specialization only if ®¸1 2 , that is, if country 1's share in gross world income is greater or equal to one half. Otherwise, country 1 also produce good 2.
From (31) it also follows that countries converge in per capita income. In our model, convergence is due to equalization of all relative prices in both economies. As expression (30) shows, capital and workers in country 1 are allocated so that wage per worker and interest rate equalize among sectors. Since all factor inputs in country 2 are devoted to produce good 2 and labor is …xed, both factor allocation and export decision in country 1 will depend on countries relative amounts of physical capital. If country 1 capital stock is higher enough that country 2's, then country 1 will devote more resources to produce good 2 and will reduce its exports. The opposite occurs if country 1 capital stock is lower enough that country 2's. Incentives to modify factor allocation and export decision in country 1 cease to exist when
('+Ã)(1¡2®)+2®' . Over the BGP, imports from country 2 allow country 1 duplicating the proportion of its workers, and more than duplicate the proportion of physical capital to produce good 1, respect to the autarky situation.
We conclude again that trade acts as an engine of growth for country 2. The explanation on the mechanism of transmission in the previous subsection also applies here. Lastly, convergence in per capita income adds to the three bene…ts that country 2 obtains from the permanent improvement in their terms of trade.
Conclusion
In this paper, we have explored the possibility of growth transmission through intermediate goods trade. We have shown that growth transmission through international trade is possible in absence of spillovers or other type mechanisms that allow developing countries to absorb the technological progress generated in more advanced economies. Though a poor country does not have an own source of sustained growth, trade with a rich country that does have that source leads to growth transmission. This is because the terms of trade become each time more favorable to the …rst one.
To do this, we have developed a two-country model of endogenous growth in which the rich country accumulates human capital, and therefore its labor productivity improves along time, while the poor country does not invest in human capital. In autarky only the rich country grows, while the poor country behaves as the classical Ramsey economy. Following the comparative advantage theory, both countries enter into trade of intermediate goods. The trade situation may be characterized by complete specialization or incomplete specialization. In either case, the terms of trade become increasingly favorable to the poor country, which takes advantage of productivity gains in the rich country. Thus, human capital accumulation in the rich country acts as an engine of growth for the world economy. Furthermore, trade under incomplete specialization also leads to countries' convergence in per capita income. The crucial assumption in the model to ensure growth transmission is the existence of a non-reproducible factor in the rich country, because it leads to a strictly decreasing time path for rich country's relative prices in autarky.
Our theoretical results agree with the empirical evidence on the terms of trade contribution to growth (e.g.: Barro, 1991; Kohli, 1997) , and might be an explanation for the so-called Asian miracle. We then conclude that international trade may have played a relevant role in transmitting growth across countries, and also in making possible countries' convergence in per capita income.
Appendix A. Autarky
This appendix shortly describes how the results under autarky have been derived. Since Ramsey's model is known enough, the derivation of the results regarding country 2 is omitted.
Physical capital and workers allocation in expression (20) come from intermediate goods relative prices, and interest rate and wage equalization in sector 1 and 2:
Over the BGP, the interest rate must be constant to ensure a constant growth rate for consumption:
where ©´( 1 ) ®' (l 1 ) ®(1¡'¡Ã) (1 ¡ 1 ) (1¡®)('+Ã) (1 ¡ l 1 ) (1¡®)(1¡'¡Ã) . The relationship between µ and µ H in (21) immediately follows from (A2).
Introducing (10) and the expression for w 1 1 (t) into (11), and totally differentiating the resulting equation respect to time, we get:
Considering (11), condition (15) can be written as:
Lastly, the value for µ in (21) comes from plugging (A4) into (A3) and evaluating the resulting equation over the BGP.
Appendix B. Trade Complete specialization
Results in (24) and (25) come from pro…ts maximization in the …nal good sector in country 1 and 2 and the equilibrium in the trade balance:
respectively. Looking at interest rates of countries at long-run:
we check that physical capital grows at the same constant rate µ in both countries, and human capital grows at the higher rate µ H . This implies that interest rate equalizes among countries, which leads to the relationship between capitals in the text. Finally, we solve for the value of µ following the same steps as in appendix A.
Incomplete specialization
As usual, the results in (28) come from the clear condition of international markets:
1 º 1 (X 1 2 (t) + ®X 2 2 (t)) and (B4), …nal good world production at long-run can be written as:
where -´( and (B7), it follows that constant interest rates require that physical capital grows at the same rate µ in both countries, while human capital grows at the higher rate µ H . As usual, we follow the same strategy as in appendix A to obtain the value of µ. Lastly, the value for º 1 comes from interest rate and wage equalization among countries at long-run:
;
